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A method is disclosed fts modulating tiie growth of tissues and celis. Hie meAod comprises contacting a cell or tissue with genistein, 
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USE OF GENISTEIN AND RELATED COMPOUNDS TO TEIEAT CERTAIN SEX 
HORMONE RELATED CONDITIONS 

Technical Field 

The inventioii relates to ttie modulation of die growth of tissues and cells using 
isoflavinoid type compoimds. More specifically, the invention relates to the ability of 
certain isoflavinoid type compounds to treat or prevent prostate cancer, benign 
prostatic hypertrophy, breast cancer and androgenic alopeda. 

Background Art 

There are qyproximately 200,000 new diagnoses each of prostate cancer and 
breast cancer per year in ttie United States. In contrast, the per capita incidence of 
these cancers is dramatically lower in the Js^an and China. However, studies have 
shown that the incidences of breast and prostate cancers in first and second generation 
Asian immigrants to the United States approadi the incidences of these cancers 
among Caucasians in the United States. These findings indicate that environmental 
&ctors may be involved in the etiologies of breast cancer and prostate cancer. 

A number of dietary &ctors have been implicated as enviromnental influences. 
First, it appears that high-fat diets correlate with the incidences of prostate cancer and 
breast cancer. Second, since the Asian diet is relatively high in soy bean derived 
products, components of soy bean have been implicated as cancer preventatives. 
Barnes, S. J Nutrition (1995) 125:777-783 have summarized studies of the 
relationship of soy-derived substances and cancer. Of particular interest is the study 
of Sharma, O.P. et al. J Steroid Biochem Mol Biol (1992) 43:557-564 vAio found that 
a high soy-containing diet reduced severity and incidence of prostatitis in rats. 
Makela,S.era/. Institute of Technology Effects of Food on the immune and 
Hormonal Systems . Schwarzenbach, Switzerland (1991) pp. 135-139 show that a diet 
containing soy can prevent develq;>ment of dysplastic changes in prostate of 
neonatally DES-treatedmice. Messina, M. J. cr a/. Nutr Cancer {199 A) 21:113-131 
cites a personal communication fix>m M. Pollard which demonstrated that the use of a 
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smiisynthetic diet laddng soy decreased the latency period for spontaneous tumor 
developmeat in the prostate. 

In particular, certain isoflavinoids isolated from soy have been studied. 
Messina, M. J. et aL Nutr Cancer (1994) 21:113-131 provides an excellent review of 
5 the effects of isoflavinoids or soy containing diets on various cancers. Studies have 
shown enhanced isoflavinoid levels in the plasma and urine of Jqsanese men as 
compared to Finnish men. Aldeicreutz; H, et al. Lancet (1993) 342:1209, Aldcrcrcutz, 
H. et al. Proc Ann Meet Am Assoc Cancer Res (1995) 36:687. In addition, substantial 
differences in the half-lives of various isoflavinoids derived fiom soy have been found 
10 in men as compared to women. Lu, LJ. et al. Proc Ann Meet Am Assoc Cancer Res 
(1995)36iA3546. 

In view of these correlations^ the efifect of various isoflavinoids isolated from 
soy on prostate cancer cell line growth has been studied. Naik»H.R. era/, 
Anticancer Res (1994) 14:2617-2619 showed genistein, a tyrosine kmase inhibitor . 

1 5 purified fiom soy, to be cytotoxic to die rat prostate cancer cell line MAT-LyLu and 
the human prostate adenocaxdnoma cell Ime PC3. Rokhlin, O. W. et al Cancer Lett 
(1995) 98:103-1 10 showed that the growth of various prostatic cancer cell lines, 
including DU145 and LnCAP, was inhibited by various protein kinase and 
phosphatase inhibitors, including garistein- However, the degree of growtii inhibition 

20 was greatly dependoit on the specific cell line chosen and varied among ttie various 
compounds tested. In another study, Peterson, G. et al Prostate (1 993) 22:335-345 
showed that genistein and biochanin A, but not daidzein, inhibit both serum- and 
EGF-stimulated growth of LnCAP and DU145 cells. 

There are conflicting rqx>rts on the ability of genistein to inhibit the growth of 

25 subcutaneously implanted prostate tumor cell lines. Naik et aL showed that genistein 
£uled to inhibit the growth of subcutaneously implanted MAT-LyLu cells. In 
contrast, Joseph, LB. et al Proc Ann Meet Am Assoc Cancer Res (1995) 37:A429 
showed that a number of compounds, including genistein inhibited tumor growth of 
implanted MAT-Lu tumor cells. The effects of genistein were not as dramatic as 

30 those observed with linomide, howev^, and the authors suggested a combination 
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therapy of linomide with TNP-470, an angiogenesis inhibitor* as a protocol for 
prostate cancer. 

The mechanism by which genistein might inhibit the growth of prostate twnor 
cell lines is unknown. One hypothesis is that genistein interferes with growth &ctor 
5 mediated signal transduction pathways through the inhibition of tyrosine kinases. 

Sun, S. Y. et al Proc Ann Meet Am Assoc Cancer Res (1995) 36:A3821 reported that 
various isoflavinoids isolated fiom soy, including genistein and dnidzein^ increased 
glucuronosyl transferase activity and altered testosterone metabolism in tiiese cells. 
Kyle» E. a al. Proc Ann Meet Am Assoc Cancer Res (1995) 36:A2310 showed that 
10 genistein enhances cellular adhesion of prostate cancer cells but concluded that its 
growdi inhibitory ^ects were iiidq>endent of this. In contrast, Bergan, R.C. e/ oil 
(the same research group) ibid. A325, postulated Aat genistein could prevent prostate 
cancer cell transition fiom localized disease to systemic because of its effect on ceU 
adhesion. 

15 In addition, the growth of cell lines derived fiom small cell lung cancer, 

promyelocytic Imkemia, colon cancer and endothelial cells is inhibited by 
isoflavinoids. Tallett, A. etal. Cancer Res (1996) 18:4255-4263; Szende, B. etaL 
CeU BioUnt (1995) 19:903-91 1 ; Cockerill, G. et al Int Rev Cytol (1995) 159:1 13- 
160. Endothelial cells are particularly important targets for the therapy of solid 

20 tumors because the growth of these cells is required for angiogenesis which, in turn, is 
essential for tumor progression. 

There are also reports of a correlation between isoflavinoids and the inhibition 
of the growth of breast cancer cell lines. Several studies have recently shown that 
genistein inhibits proliferation of normal mammary epithelial cells and several breast 

25 cancer cell lines in vitro, including MCT-7, MCF-7-D40, T47D (estrogen receptor 
positive) and MDA-468 and SKBR3 (estrogm recq>tor negative). Peterson, G. et al 
Carcinogenesis (1996) 17:1861; Petason, G. et al Cell Growth and Differentiation 
(1996) 7:1345; Hofinann, EL AocAem, Bitqfhys. Res. Commun, (1995)211:600; 
Peterson, G. et al. Biochem. Biophys. Res. Commun. (1991) 179:661. 

30 Thus, the art has attmpted to evaluate die possible effect of soy products in 

gmeral, and isoflavinoids occurring in soy in particular, on prostate cancer and breast 
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cancer. However, the results have been inconsistent as shown, in particular, by the 
studies of Naik {siq^ra) and of Josq)h {stq)ra). The presmt invention relates to the 
modulation of the growth and proliferation of cells and tissues where the growth or 
proliferation is associated with regulation by sex hormones, by isoflavinoid-related 
compounds. Conditions associated with such regulation include, for example, 
prostate cancer, benign prostate hypotrophy (BPH), breast cancer and androgenic 
alq)ecia. , 

Disclosure of the Invention 

A number of conditions in maimnalian subjects are subject al some level to 
legulation by the steroid sex hormones, soch as estradiol, estrone, testosterone or 
other androgens and estrogms. These conditions include disorders associated with 
breast, ovary and prostate as well as conditions that seem less duectly associated with 
sex organs such as androgenic alopecia. This invention relates to die discovery that 
these conditions are susc^tible to treatment witti a class of isofiavinoid-type 
compounds. 

Accordingly, in one aspect, the invention is directed to a method to modulate 
the growth and/or proliferation of tissue or cells wherein said growth or proUferation 
is associated with regulation by the sex hormones, which method comprises 
contacting said tissue or cells with an amount of a compound of the formula 




including forms thereof coiqiled to a targeting agent, 
wherein each R is independently a noninterfering substiturat; 
kisO, lor2; 
25 lisOorl; 
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m is 0, 1,2, 3, or 4; 

each Y is indq)miently an electronegative electron-'WiA 
wherein no more than two of Y', Y^ and Y' may optionally be H or R; 

Z is <), =S , =NR, <HH, <HR, or <RR; and 
5 X is .0«, -NH-, -NR., -CH^-, -CHR-, or -CR^-. 

In another aspect, the invention is directed to phannaceutical conoipositions 
containing a compound of foimula 1, including forms coiq>led to a targetmg agent for 
treating undesiied conditions associated with sex honnone re^^ 

In anoth^ aspect, the invention is directed to niethods to treat undesired 
10 conditions associated with sex honnonerpgulation. These conditions include prostate 
cancer or benign prostate hypertrophy, malignancies of the breast or ovary, and 
androgenic alopecia. The mdhod conq>rises contacting the aiipropriate cells or tissue 
with an amount of a compound of formula I including forms coupled to ataigeting 
agent effective to alleviate the condition. 

15 

Brief Description of the Drawings 

Figure 1 shows a graph oftfae growth inhibition by genistein on prostate tissue 
in histoculture. 

Figure 2 is a grsqph showing the dose dependence of the inhibitory effect of 
20 genistein on prostate tissue in histoculture. 

Modes of Carrying Out the Invmtion 

The compounds of the invention may be used to modulate the growth of any 

cell or tissue whose growth is associated with regulation by sex hormones and either 
25 ultimately inhibited or stimulated thereby. Thus, the compounds of the invention are 

usefiil in the treatment of prostatic malignancies, benign prostatic hypotrophy (BPH), 

breast or ovarian cancer and androgenic alopecia. 

As used herein, 'treating*^ is defined as exerting a prophylactic or therapeutic 

effect. The prophylactic or tfaenq>aitic effect will ultimately modulate cell growtii or 
30 proliforatioiL By '^modulate*' is nieant a change in growth or proliferation; the change 

may be one of inhibition as in the case of tumor cells, or may be one of stimulation as 
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in the case of hair gcowdL Thus, the compounds of die invention are useful in boJh 
prevention and therapy of conditions associated with sex honnone regulation. 

By ''associated with sex honnone regulation" is meant that the condition 
responds to altered levels or nature of steroid sex hormones in a subject Thrae 
hormones include, for example, estrone, estradiol, and testosterone. Accordingly, the 
compounds of formula 1 can be supplied either alone, or coiq>Ied to a targeting agent 
*Targ^g agmf* is meant to include any ligand which selectively binds to the 
membrane ofone or more cells or cell ^es. Mdhods of targeting dmgs to a 
particular cdl or tissue art well known in die cytotDxin art In addition^ Ouchi, T. er 
aL Prog Pofym Sd (1995) 20:21 1-257. provides an exceUent review of targeted drag 
delivoy systems. Targeting agents can hu^lude autocrine, paracrine, endocri^ 
syn^tic signaling molecules, antibodies, drugs and derivatives ttiereot Prefared 
targctmg agents of the invention are steroid hormones and derivatives thereof Most 
prefoied targeting residues are testosterone, dihydroxytestosterone, estrogen and 
derivatives thereof. 

Steroid-based targeting agents are particularly useful in delivering the 
con?>ounds of the invention in view of the regulation of the conditions to be treated 
by the steroid sex hormones. While not intending to be bound by any theory, 
applicants believe tiiat the effectiveness of these targeting agents results fiom fee 
mechanism by which staoid sex hormones are directed to particular cellular targets. 
In mammal s, androgens and estrogens are associated wife s&c hormone binding 
globulin (SHBG) in fee plasma. Peira, P.H. et al. J Steroid Biochem (1986) 24:45-49. 
The steroid hormone-globulin con^lexes interact specifically wife monbrane protein 
receptors on cells in fee target tissue which reside next to fiee stexoid-spedfic 
receptors tiiat actively transport fee steroid hormone into fee cell. Only afte- such 
transport (q)ecific to steroids) does fee hormone mteract wife intraceUular steroid 
receptors. Thus, fee SHBG operates as a shuttle. The binding of fee SHBG to 
prostatic cell membranes, for example, has been shown by Hryb, D JS. Biochem 
Biophys Res Com (1985) 128:432-440. Thus, useful targeting agents which are 
included in fee conjugated forms of fee compounds of fimnula 1 coupled to a 
targeting agent would employ fee essmtial male or fianale sex hormones or analogs 
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Aereofwitfa similar binding characteristics. Testosterone, dihydiotestosteione and 
estradiol can readily be bound through a linkw to ttie 3- or 3-P position of estradiol or 
of andrDst-4-ene-3P,17Miol, pref»ably through an ester bond. The 17P-0H group is 
preferably left fiee in order to bind to a lysine residue in the active pocket of SHBG. 

While the sex hormones themselves may be used as targeting residues, it may 
be desirable to use a derivative either with or without androgenic or estrogenic 
activity, or a derivative which is an antagonist of sudi activities. The latter class may 
be especially useful in treating honnone^lq>endent prostate or breast cancers. 

Thus, suitable targeting agents that have antiandrogenic or antiestrogenic 
activity include 16,17-seco dedvatives of the androstane and estrane series and the 6- 
and 7-derivatives of estrone and equileoiiL 

Suitable steroid targeting agents include cyproterone, 16,17-seco estrane 
derivatives of the formula: 



CH3 



15 




;or 



6 or 7 derivatives of equilenin of the formula: 



wo 98/48790 



•8. 



PCT/US98m8484 



CH3 




X 

;or 

16,17*seco andiostane derivaiives of the formiila: 

CH3 




X 



Hie targeting agrat can be coupled to the conqx)unds of fonnula 1 using 
5 standard linker technology. Suitable bifunctional Unkm are available fix>ni Pioce 
Chemical Company, Rockford, IL. Advantageously included in the linker is a 
cleavable structure subject to degradation intracellularly so that the two conqx)nents 
of the conjugate can act independently once inside the cell. Additional components 
may be inserted into the linker to confer water-solubility. Foresxample^ionizable 
10 groups may be included in ttie linker, or a side chain may contain macromolecules 
sudi as poly-ethylene glycol (PEG). 

The "conjugate forms'* of formula I, thmfore, include the formula shown 
coupled to a targeting agent, optionally through a linker. The compound of formula 1 
offers a number of functional groups that can serve as points of attachment for 
IS suitable linkers or targeting agents. Thus» any hydroxyl rqxresented by Y could be 

ttuas used; similarly, fimcdonal gcoups contained in substituents rq)resrated by R can 
also be used. 

As noted above, the compounds of formula 1 optionally contain noninterfering 
substituents in the A, B, and/or C rings. 
20 The nonintof ering substituent designated by R may rticlude -OR' ; -NR'^; 

-NOj; -SR'; -SOR»; -SO^R*; -SOjR'; halo, including -F, -CI, -Br and J; -CR*0, 
-COOR»; .OOCR^ -CONR',, -NR'COR', -CN, and -CP,, wherein R' is defined as H 
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oralkyll-6C. R may also be a substituted or unsubsdtutedhydrocaibonr^ 
optionally containing one or more heteroatoms. Hydrocaxbon radicals include straight 
chain, branched chain or cjrclic moieties, optionally containing one or more Tc-bonds. 
Thus, included are straight chain alkyls such as ethyl, butyl, octyl, dodecyl, and the 
5 like, branched chain foims of these alkyl suhstituents, radicala cn ntemi'ng f>yr,l j^. 

moires such as 2-cyclohexyletfayl, stxaig^t chain alkenyls such as 2-butei9l and its 
branched chain fonns, and tiliose containing ^lic moires, inchiding aiyl moieties. 
Thus, included within fhe hydrocaibon radicals are alkyl, alkmyl, alkynyl, aiyl, 
arylalky 1, aiylalkenyl, arylalkyny 1, and oonesponding radicals which contain one or 
10 noore heteroatoms. For eamnple, the aiyl radical may be in the firnn nf pyrimirfyl ^i- 
fhiopheoyL The *liydn>caibon*' radical may ttms include, for exanq>le, 
CH3CH2NCEI2CH2-, CH3OCH2CH2-, and tfie like. The hydrocaibon radical may also 
contain monovalent substitutions containing heteroatoms such as halo, -NO2, -CN, 
*SO,R\ and the like. 

IS Pre&ned are hydrocazfoon radicals containing 20C or less, preferably 15C or 

less, more preferably IOC or less, and still more preferably 6C or less. Especially 
preferred are mefliyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl. Particularly 
prefenned embodiments of R are -OR', -NR'^, -COOR' and alkyl (1-6C). 

Preferred mbodiments of the conqx>Tmd of formula 1 are those wherein Z is 

20 =0 or is <HH and wharein each of Y', and Y' is indqiendently H, OH or NH^, but 
no more than two, preferably no more than one, Y is H. Also prefmed axe 
embodiments wherein X is -0-, oris -NH-. Also preferred are embodiments wheran 
k and m are 0 or 1 and wherein 1 is 0. More preferred are embodiments wherein all of 
k, 1 and m are 0. 

25 Particulariy preferred embodiments of the oonipounds of formula 1 include 

those stmctures found as components of soy, including genistein, daidTSftin and equoL 
These have the formulas as shown below. 
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Genistdn Daidzein 

Equol 



Ofhsx preferred compounds are 4'-deoxygenisteiii aiul 4*<uximogenistem. 

The compoimds of fonnula I may be piqiared by a variety of meOiods known 
to those skilled in the art of organic chemistry, bi addition, some ofttieconqx)imd5 of 
finmulal are oonm&erciany available or may be isolated fiom soy. Reaction scheme 
5 1,. below, tllustratfis metfaoda which mAy he meA tn Byfith«w7ff fft^. compomdg fff 

fbnBula 1. 

Reaction Scheme 1 
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wherein R, X, Y, Z; k, 1 and m are as defined above and Act is a reactive 

group. 

Methods for the pr^aration of flie conjagaled fbnns of compounds of formula 
1 are shown in scheme 2 below. First, as diown in reaction schmie 2, a targeting 
reddue (in this example, androsterone), is derivatized and coiqiled to a bifimctiona] 
linker, L, which may be substituted with moieties whidi give th& conjugate form of 
fonnula 1 a desired characteristic. For example, if a conqxiund of formula 1 is water 
insoluble, a water soluble derivative could be synthesized by including a protected 
amino groiq) in the link^, and ttiendqirotecting that aznino group in the last stq) of 
conjugate synthesis to fiDrm the c(»Teqx)nd]ng ammonium salt. In Sdieme 2, below, 
the starting targeting residue* aiidrosterone» is converted to an mtmnediate 
testosterone derivative, coupled to a linker and activated for further coupling. 



Reaction Sdieme 2 



O 




Mg E^O 





HO 



•THP = tetrahydropyranyl 
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(CHjl^COOH 



Cartxxfilnlde or r44iydraxy suodnfadde 




Administration and Use 

The compounds including the conjugates wifli targeting agait of the invention 
aie administered at an efifective dosage, i.e.y that amount which, when administeced to 
a m a mmal in need thereof is sufiicient .to effect tteatmCTit Administration of the 
active confounds can be via any of ttie accqited modes of administratiQn for agents 
that serve similar utilities. 

It will be noted that tiie contpounds of the invention can be used individually 
or more ttian one confound filling within tfie scofie of fte invention can be used in 
admixture. In addition, other pharmaceuticaUy active components can be iiicluded» 
such as analgesics, antibiotics, or other combination products. 

The level of the drug in a formulation can vary within the full range employed 
by diose skilled in the art, e.g., from about 0.01 percmt by weight (w/w) to about 
99.99% of the drug based on ttie total formulation and about 0.01% to 99.99% 
excipient. Ptefeably the drug is present at a level of about 10% to about 70%, the 
reinaizuter being excipirat or other drugs in combination. 
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Geaerally, an accqptable daily dose is about 0.1-500 mg^g body weight of the 
lecipimt per day, prefeably about 0.5*100 mg/kg body weight pa: day, and most 
preferably about 1-15 mg/kg body wdgjit per day, dreading iq>on the individual, the 
nature and severity of the prostate condition being treated Such optimizaticm is well 
within ordinary skill in the ail 

Administration can be via any accq)ted systemic or local route, for example, 
via parenteral, oral, intravenous, nasal, brondiial inhalation (Le. aerosol formulation), 
transdemial or topical routes, in the form of solid, semi-solid or liquid dosage fonns, 
such as for exaiiq)le, tablets, siq^xkatories, pills, capsules, powdeis, solutions, 
suq^ensions, aan>sols, emulsions or the like, prefisrably in unit dosage forms suitable 
for sinq>leadministratiQn of precise dosQges. The compositions wiU include a 
conventional pharm a ceutical carrier or exdpie&t and an active conxpound of the 
invmtion and, in addition, may inchide other medicinal agents, pharmaceutical agents, 
caitiers, adjuvants, etc. Carriers can be selected from the various oils, including those 
15 of petroleum, animal, vegetable or syndietic origin, for example, peanut oil, soybean 
oil, mineral oil, sesame oil, and the like. Water, saline, aqueous dextrose, and glycols 
are preferred liquid carriers, particularly for injectable solutions. Suitable 
pharmaceutical carriers include starch, ceUulose, talc, glucose, lactose, sucrose, 
gelatin* malt, rice, flour, chaOc, silica gel, magnesium stearate, sodiimi stearate, 
20 g}yceml monostearate, sodium chloride, dried skim milk, glycerol, prop^ene glycol, 
water, etfaanol, and the like. Other suitable pharmaceutical carriers and their 
formulations are described in ''Remington's Pharmaceutical Sciences,** Made 
Publishing Co., Eastbn, PA, latest edition. 

If desired, the pharmaceutical conqx>sition to be administered may also 
25 contain minor amounts of nontoxic auxiliary substances such as wetting or 

emulsifying agents, pH buffering a^ts and tiie like, such as for example, sodium 
acetate, sorbitan monolaurate, trietfaanolamine oleate, eto. 

For intravenous injection flie compound or compounds of the invoition are 
dissolved in a suitable solvent or incorporated in a liposomal formulation followed by 
30 dispersal into an acceptable infosion fluid. A typical daily dose can be administered 
by one ix^Eiision, or by a series of infusions spaced over periodic intovals. 
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For oral administration, a pharmacftitically acceptable* nontoxic conqK)sition 
is formed by the incorporation of any of flie normally employed excipients, such as, 
for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, talcum, cellulose, glucose, geladn, sucrose, magnesimn cazfaonate, 
5 and the like. Thus, the composition will contain, along with the active ingredient, a 
diluent such as lactose, sucrose, dicalcium phoq)hate» and the like; a disintegrant such 
as starch or derivatives thereof a lubricant sudi as tnagyi^^ iyii stearate and the like; 
and a binder such as a stardi, polyvxny ^yrrolidone, gum acacia, gelatin, cellulose and 
derivatives thereof and ttie like. Such compositions take ttie form of sobtions, 
10 suspensions, tablets, pills, capsules, powders, sustained release formulations and the 
like. Sudi compositions m^ contain b^em 0.01% (w/w) and 99.99% of the 
invation compound, but preferably such compositions wiU contain between 25% and 
about 80%. 

Pharmaceutical formulations based cm liposomes have benefits related to 
1 S favorable changes in tissue distribution and pharmacokinettc parameters tbst result 
fiom liposome entrqmiait of drugs, and may be applied to the compounds of the 
present invention by those skilled in the art. These formulations can be designed to 
d&er target drug to disease sites or the reticuloendothelial system, to inoease 
duration of drug action or to divert a drug away firom organs that are particularly 
20 sensitive to its toxic effects. 

Controlled release hposomal liquid pharmaceutical formulations for injection 
or oral administration are described in U.S. Patent No. 4,016,100. Liposomal 
sqyplications for oral drug delivery of a lyophilized liposome/pq>tide drug mixture 
filled into intestine capsules are described in U.S. Patent No. 4348384. 
25 For systemic administration via siqipositoxy, traditional binders and carriers 

include, for example, polyalkaline glycol or triglycerides (e.g., PEG 1000 (96%) and 
PEG 4000 (4%)). Such suppositories may be formed 6om mixtures containing active 
ingredioits in the range of wtAvt% firom about 0.5% to about 10%; preferably fi:om 
about 1% to about 2%. 

30 Liquid pharmaceutically adnunistrable compositions can, for example, be 

prepared by dissolving, dispersing, etc. an active compound (about 0.5% to about 
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20%), as described above, and q>tioiial pharmaceutical adjuvants in a carrier, such as 
for example, water, saline, aqueous dextrose, glycerol, ethanol and the like, to thereby 
form a solution or suspCTsion. 

The following examples are intended to illustrate but not to limit the 
5 invention. 

Example 1 

Effect of Genistrin on Prostate Size in Mice 
Two groiq)s of five mice each, one groiqi fed 100 mg/kg body wt/day of 
0 * Senistein and ttie other fed only exdpientweie compared with le^TO^ 

and piosutewrig^ over the ejqmimental period of 3S days. The results are shown in 
Table 1 whm "G** rqsresents mice administered genistem and 'XT represents control 
mice. 
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Tablet 


Mouse U and B 


•Ullual DOOy 

Weight 12/9/96 
gms 


nnalBooy 
Weight 1/13/97 
gms 


weight -meiiis 


Prostate 
weigiii • mgiiv 
body w^ght - grng 


1. G 


37,1 


35J 


12.4 


035 


2. G 


29.1 


29.9 


9.8 


033 


3, G 


29 


33.8 


8.1 


0.24 


4. G 


28.4 


34 


12.7 


037 


5. G 


27.5 


28.8 


93 


032 


5< 








5? =0322 


6. C 


20J 


26 


14 


0^2 


7. C 


38.5 


41^ 


14.7 


035 


8. C 


36.0 


40 


14.2 


035 


9. C 


33.4 


39 


9.7 


0^ 


10. C 


263 


27.2 


16 


0^9 


X 






5C-13.72 


5^-0*414 



As shown in the table, the control group had a mean prostate weight of 
13.72 mg while the group fed goiistein had a mean prostate wci^ of only 10.46 mg. 
5 The body wei^ts in the two groups were coniparable. Thus, the ratio of prostate 
weight in milligrams to body weight in grams was only 0.322 for the genistein-fed 
groiq> and 0.414 for die controls. A paired t-test indicated a significant decrease 
(p=0.047) in prostate wdghtsm the gmistein compared to control mice. Thisisthe 
first demonstration of in vivo inhibition of prostate size by geoistein. 

10 

Example 2 

Effect of Genistein on Prostate Cancer Tissue in Histocultuie 
Histocultures of prostate tissue exhibiting benign hypertrophy were evaluated 
as follows: 

15 

Methods 

The source of prostatic tissues was either untreated smgical specimens fiK>m 
patients undergoing transun^hral resection of the prostate (TURP) for BPH or radical 
prostatectomy specimens fit>m patients undergoing surgery for early-stage prostate 
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cancer. In the latter instance, both BPH and instate cancer tissue wm 
some of the specimens. 

Histoculture studies were done as previously reported using 2 ml wells in 
plastic culture plates containing 6 wells pCT plate. Gella:, Letal.TTie Prostate (1992) 
21 :269-278. A detailed description of tissue prqiaiation and subsequent sponge-gel- 
matrix supported histoculture has been previously published GeUer» J. et al. The 
Prostate (1992) 21:269-278, An abbreviated descrq)tion is as foUows: 

Tissue Preparation 

Radical prostatectomy specimens fiom patients widi early prostata cancer were 
placed in Mininud Essential MecUa (MEM) solution on ice in 
Each specimen was weighed, measured and fiie surfice was marked with green ink to 
aid the pathological staging of die tumor. The tissue was cut serially in its anatomical 
position, so that the 50% of the gland above and below a mid-line axial cut was 
labeled as anterior and posterior, respectively. A sagittal cut going fixim distal to 
proximal divided the prostate into li^st and left sections, /^jproximately 0.5 cm cuts 
were then made b^inning at the distal ureduial end of the prostate with each section 
identified with a letter label. Rq)resentative specimens of cancer and BPH were 
selected for histoculture. Anatomical minor image sections of the specimens woe 
kq5t for determination of mioroscopic anatomy. Tissues obtained fiom TURP were 
carefully dissected to n^ove any discolored damaged tissue fiom the individual 
chips. The tissues were placed in ice-cold MEM sohition prior to histoculture. 

Histoculture 

BPH and cancer specimens, whether obtained fiom radical prostatectomy 
specim^ or fiom TURP specimens, were sqiarately cut into 1 cubic mm minces. 
The tissue cubes were planted on Gelfoam coUagen-gel matrices with media 
containing MEM and qypropriate concentrations of dihydroxytestosterone (DHT) and 
genistein in tissue culture wells widi 2 ml media. 

DHT treated histocultures were used as fiie untreated control and rqiresented 
niaximal stimulation of'H-diymidineincoipocatiQn into prostatic tissue Thepereent 
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reduction in ^H-thymidine incoiporation/^g protein in the presence of varying 
concentrations of genistetn was calculated as a perooit decrease in ^-thymidine 
incorporation/)ig protein from controls as a result of tiie biologic effects of genistein. 
Histoculture, as previously described (Gcller, heiaLThe Prostaie (1992) 21:269-. 
5 278; Geller, J. et al. The Prostate (1994) 25:206-209; Gellcr, J. et al. The Prostate, In 
Press), was performed for five days. DHT (2x10^ was added daily on days 2-5 of 
histoculture to all tissues. Genistdn in concentrations ranging finm 1^ |ig/ mi 
(4.6 pM) up to 15 pg/nJ (553 pM) was added on day-2 to BPH and cancer 
histocultures (Figure 1). 
10 DMSO, which was ttie diluent fiir the genistein, was added in Mmiiar amounts 

to all cultures. Efhanol,wfaicA was the dihiem&r DHT, was added in equal amounts 
to aU other cultures. ^H-thymidine was added on day 5 to all culture. Incubations 
were stopped 24 hours later. Tlie tissues woe kept frozen foUowing incubation until 
analysis. 

15 

Measurement of ^H-thymidine Incorporation 

Processing of tissues for measurment of ^-thymidine incorporation per pg of 
protein was done by first washing tissues to remove unbound ^-thymidine. Tissues 
were dien homogenized in sucrose buffer and centriiuged. The pellet obtained was 

20 digested with benzomeOionium hydroxide for measuring 'H-fhymidine counts per 
minute and the supemato was analyzed for protein concentration* Results wa:e 
expressed as ^H-thymidine mcorpoiation per pg protein for both BPH and cancer 
tissues histocultured with DHT, HF, and genistein, alone or in combination. 

The results are shown in Figure 1 and Figure 2. biasingleexpaimeiit»as 

25 shown in Figure U as Uttle as approximately 5 pM genistein showed 50% inhibition 
of a mixture of BPH and prostaie cancer tissue growth in histoculture, conqsared to 
the dihydrotestosterone (DHT) control. 100%inhibitionof growth was achieved at 
10 pg/ml of genistein. The average dose reqnmse curve for BPH tissue treated with 
genistein in histoculture (based on 10 e3q)mments) and measured by the percent 

30 decrease in incorporated thymidine/pgofprotein is shown m Figure 2. A 30% 
decrease in incorporation was shown at very low concoitrations of 1 .25 p^ml; at 
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15 pg/ml ovCT 60% inhibition was shown. Average values for geoistein inhibition of 
prostate cancer growth are similar to those shown in Figure 2. 
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Claims 



1 . A method to modulate the growth and/or proliferation of tissue or cells 
wherein said growth or prolif^ation is associated with regulation by the sex 
hormones, which method comprises contacting said tissue or ceUs with an amount of 
a compound of the formula 




including forms thereof coupled to a targeting agent, 
^erem each R is indqsendently a noninterfmng substituent; 
10 kis0»lor2; 

lisOorl; 

m is 0, 1,2, 3, or 4; 

each Y is indq>endently an electronegative polar group, ^Kiierein two, but only 
two of Y' , Y^ and Y^ may optionally be H or R; 
15 .ZisK),==S,=NH,=NEl,<HH,<HR,or<RR;and 
X is -O-, -S-, -NH-, -NR-, -CHa-, -CHR, or -CRj-. 

2. The method of claim 1 whorein Z is =0, =S, =NH, =NR\ <HH, <HR* 
or <R*R', wherein R' is H or alkyl (1-6C); and/or 
20 . wherein X is -0-, -S-, -NH-, -MR*-, -CH^-. -CHR*, or -CEL^- wherein R* is H 

or alkyl (1-6C); and/or 

wherein each R is independently alkyl (1-6C), halo. -COOR\ -CN, -CFj, 
-OR', or -MR* J, wherem R' is H or aDcyl (1-6C); and/or 

whereinZ is or =0 and X is O; and/or 
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wherein k, 1, and m are 0; and/or 

wherein each Y is independaitly -H, -OH, or -NHa. 

3. The method of claim 1 or 2 wherein each Y is independently -H, -OH 
or -NH, and only one Y is H. 

4. The method of claim 1 \4ierem the compound of fonnula 1 is selected 
from the group consisting of genistein, daidzein, equot, 4'-4eoxygenistein and 

4 -aminogenistein. 

5. The melbod of any of claims 1-4 wherein the compound of fonnula 1 
is coiqiled, optionaUy through a linker, to a targeting agent. 

6. The method of claims wherem said targeting agent is a steroid sex 
hoimone or derivative thereof. 

7. The method of claim 6 wherein said hormone is testosterone, 
dihydroxytestosterone, estradiol, estrone or a derivative thereof. 

8. Hie method of claim 1 wherein said tissue is abnormal prostate tissue, 

or 

wherein said cells are prostate cancer cells, or 
wherein said cells are breast cancer cells, or 
wherein said cells are hair follicle cells of the scalp. 

9. A pharmaceutical contposition for use in a method to modulate the 
growth and/or proliferation of tissue or cells wherein said growth or proliferation is 
associated with regulation by the sex hormones, which method comprises contacting 
said tissue or cells with an amount of a composition comprising an amount of the 
conqM>und of claim 1 or a form tfaoeof conjugated to a targeting agent effective to 



. wo 98/48790 PCt/US98A)8484 

-22- 

prevent or inhibit the growth and/or proliferation of said tissue or cells in combination 
with at least one phaimaceutically acceptable excipient and in unit dosage form. 

1 0. The composition of claim 10 which further contains an additional 
S active ingredient 
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